Lapita ceramic design analysis has for decades been dominated by the element-motif approach.
Introduction
Lapita ceramic design analysis has been largely dominated by the element-motif approach. This involves dividing decorative designs into elements, 'a decorative unit executed by one single act' (Chiu 2003:226) and motifs, 'the succession of one design element, used as a fixed set to be combined with other design elements' (Chiu and Sand 2005:138) . Such analysis is often used to understand patterns of migration and interaction, with design motifs widely used to identify regions of stylistic homogeneity, referred to as 'Provinces' (Green 1979; Kirch 1997) . However, lack of consensus among archaeologists in both the Lapita region and in crosscultural perspective as to what these attributes represent has brought about confusion and nonstandardised methods surrounding design classification and comparison (Arnold 1983; Jernigan 1986; Plog 1980:40-55) .
Structural design analysis provides an alternative approach (Canouts 1991; Hardin 1984; Hegmon 1994 Hegmon , 1995 Hegmon and Kulow 2005) . It involves assessing the layout and organisation of design, including measurement of tool shape and spacing, semiotic analysis of design application and hierarchical descriptions of design zone patterning, among other attributes. More objective comparisons within and between ceramic assemblages can be undertaken because several of these attributes can be directly measured. Such approaches were suggested as early as the late 1950s in general and in the 1960s and '70s in Lapita archaeology specifically (Carlson 1961; Friedrich 1970; Mead et al. 1975; Sharp 1988; Shaw 1975; Shepard 1956; Washburn 1977 Washburn , 1983 . However, the lack of complete vessels and/or large sherds delayed the uptake of such an terra australis 52 approach (Canouts 1991; Plog 1980) . Studies of the structural application of ceramic design outside of the Lapita realm, particularly within an ethnoarchaeological context, have suggested that elements-motifs are passed on within and between generations through different mechanisms of transmission than those through which structural attributes are learned. Such results question the utility of relying solely on one form of design to answer larger questions of social interaction.
A combined element-motif and structural approach has been advocated for use in Lapita archaeology, such as that discussed by Chiu and Sand (2005) and Carson and colleagues (Carson et al. 2013) . Despite the call, examples of use are few are far between (although see Clark et al. this volume) . Here, a structural approach related to design density, layout and organisation of design, developed by LeBlanc (2016a) , is used and compared to results from element-motif analysis to understand variation within the Eastern Lapita Province, a region where interaction is currently debated (Burley and LeBlanc 2015; Clark and Anderson 2009; Clark and Murray 2006; Cochrane and Lipo 2010; LeBlanc 2016a) . To determine if ceramic design variability, or lack thereof, in the Eastern Lapita Province is characteristic of the region or is shared more broadly throughout the Lapita range, ceramic samples from both the Southern and Western Lapita Provinces are added to the analysis.
Observation of Lapita ceramic design density and the analysis of design elements-motifs in particular, has led to the hypothesis that more densely applied and intricate dentate designs appear early in the western sphere and subsequently decrease as Lapita potters move eastward (Burley et al. 2002; Green 1979; Kirch 1997; Sheppard 2011) . The least densely applied and simplest motif repertoire is attributed to the later arrival of Lapita peoples in the Eastern Lapita Province (Burley et al. 2002 . If this holds true, then measurable attributes of dentate density and size-shape should differ between the three provinces. If Eastern Lapita represents a distinct regional boundary, then variation within this region should be less than variation between regions. This hypothesis will be tested using both the element-motif and structural approach. The structural approach will be able to quantify patterning in design density and layout, characteristics that have not yet been used to test variation within and between Lapita provinces (aside from LeBlanc 2016a, 2016b). Utilising microscopy techniques, this approach will be used to test the following null hypothesis:
The distribution of elements-motifs and structural attributes of Lapita design do not vary between the Eastern, Western and Southern Lapita Provinces.
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Methods
In total, 17 attributes were chosen for analysis. These were divided into continuous and nominal categories. Continuous variables consist of dentate width, length, density, spacing, depth, area, surface area, volume and the number of elements-motifs-processes per sherd. Nominal variables consist of zone direction, frequency of elements-motifs-processes per sherd, infilling of motifs, symmetry, lime filling and slip (Table 14 .1). 
Attribute
Description Zones
The direction of application (i.e. does the zone divide the design space into horizontal and/or vertical segments?) (Figure 14 .6).
Elements
Code based on Chiu and Sand (2005) , but with additional descriptions and categories added (see Table 14 .2).
Motifs
Code based on Mead (1975) and Poulsen (1987) categories.
Infilling of motifs
Presence/absence of elements placed within known motif categories. Process
Relationships between motifs as outlined in Sharp (1988) . Refers to the process applied to elements to create a motif (Figure 14.5) .
Symmetry
Description of the motion of element-motif repetition. Notation system used is that of Washburn and Crowe (1988) .
Lime filling
Indication of the presence/absence of lime used to fill dentate impressions.
Slip
Indication of the presence/absence of slip applied to the vessel surface.
Dentate length
Length of a single dentate tooth impression (Figures 14.1, 14. 2).
Dentate width
Width of a single dentate tooth impression (Figures 14.1, 14. 2).
Dentate depth
Depth of a single dentate tooth impression (Figure 14 .3).
Dentate area
Area of a single dentate tooth impression (Figure 14 .4).
Dentate surface area
Surface area of a single dentate tooth impression (Figure 14 .4).
Dentate volume
Volume of a single dentate tooth impression (Figure 14 .4).
Dentate spacing 1
Measurement of space between a single dentate tooth impression and those to either side ( Figure 14 .1).
Dentate spacing 2
Measurement of space between a single dentate tooth impression and the closest dentatestamped line (Figure 14 .1).
Dentate density
Number of dentate-stamped lines within a 1 cm2 area (Figure 14 .1). 
Source:
Continuous attributes
Structural continuous attributes that could be measured were sought in addition to nominal attributes as a means of quantifying design complexity and to enable small sherds to be analysed. Anyone performing a visual inspection of pottery design from the Eastern Lapita region, even by those unfamiliar with Lapita ceramics, can easily distinguish those originating in West Fiji and those from Tonga based on the density of application of design elements and motifs, even when contemporaneous sherds are compared (Burley et al. 2002) . When East Fiji is added into the mix, design execution appears to mirror that of Tongan sherds, less dense than designs applied on West Fijian sherds and sherds found in regions outside of the Eastern Lapita Province. For this reason, attributes that could account for this variation in design execution were sought, resulting in the use of dentate density and recording of the spacing between individual dentate teeth and dentate-stamped tool impressions.
Two microscopes were utilised for the measurement of continuous variables. The first was a Leica MZ6 modular stereomicroscope (hereafter referred to as the Leica). It uses incident light illumination and has a 6.3:1 zoom. This microscope was used to measure dentate width, length, spacing 1 and 2, along with density (see Figure 14 .1). Samples were magnified using 6.3-8.0x lenses, with a total magnification of 6.3-8.0x and a field diameter of 33.3-26.3 mm. Resulting images were imported into Adobe Photoshop® to record measurements. A detailed description of how attributes were measured can be found in LeBlanc (2016a). Six measures were recorded for each attribute, aside from dentate density, to provide a representative sample of dentate size from different areas of a single sherd. Given that these data points do not meet the assumption of independence, the mean of the six measures was tabulated and used for statistical testing.
A second microscope was used to gain more insight into the size and shape of dentate impressions. This was an Olympus LEXT 4000 (hereafter referred to as the LEXT), a laser scanning confocal microscope designed for nanometre-level 3D imaging. This microscope has a dual confocal system and a 405 nm laser, which enables a magnification range of 108x-17280x. The LEXT is used here to measure dentate length, width ( Figure 14 .2), depth ( Figure 14. 3), volume, surface area, and area ( Figure 14 .4) in a non-destructive manner. Three measures for each attribute were recorded per sherd, followed by taking the mean.
It is important to note that these attributes refer to dentate size and spacing between individual dentate teeth, while measures of design structure are indicative of the tools used to produce design. The dentate tools have not to date been identified in Lapita sites (Ambrose 2007) , but it is possible that they may have differed in form and could have been made by different individuals than those who decorated vessels. In addition, potters who applied these tools are likely to have differed in their level of skill. Despite this, the goal of this structural analysis is not to identify individual potters, but to identify regions of stylistic homogeneity. For this reason, attributes that relate to tool size and spacing are worthy of consideration, as these aspects of Lapita ceramic design may have been subject to variation during the mechanisms of cultural transmission. Through corresponding software, the area, surface area and volume of a given dentate-stamped tooth can be measured, as shown in the bottom left corner.
Source: Kathleen LeBlanc.
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Nominal attributes
Although the measurement of design application is an important part of a structural approach, such an approach is not complete without analysis of the nominal attributes that are specific to the study region. Despite concerns raised over the recording and description of design elements and motifs, particularly within the Eastern Lapita region, such aspects of design are an important part of a comprehensive structural approach. They are also an aspect of design that needs to be compared to structural variables to parse out difference, if any, in transmission mechanisms. For this reason, the analysis of elements and motifs are included here, along with the identification of the processes applied to elements (Table 14 .1). Aside from traditional recording of elements and motifs, a structural approach should also include attributes that describe the layout of design fields, as well as parameters that are specific to a design repertoire. In the case of Lapita ceramics, the structural approach used here includes the recording of the direction of vessel zones, symmetry notation, presence/absence of lime filling, infilling of motifs and slip.
Elements and motifs were recorded based on previously compiled lists for the Lapita region and were identified according to the most recent coding system developed by Chiu and Sand (2005) . A limitation with this system is that it does not consider the direction of element application. For instance, element six is a dentate-stamped curve (Chiu and Sand 2005:138) . This definition does not indicate where the inflection point on the curve is positioned, either north, south, east or west. 1 The direction impacts how the recorder views the element. For this reason, the Chiu and Sand (2005) notation system required modification to reflect changes in element direction (Table 14. 2). Motif codes were based on previous motif lists collected specifically for the region under study. The Poulsen (1987) list was consulted first for consistency. If a motif could not be identified by this system, then Mead and/or Anson lists were consulted (Anson 1983; Mead et al. 1975) . To increase comparability across sites, element, motif and process type were recorded once per sherd and Poulsen's (1987) motif categories were simplified into letter categories. For example, a motif labelled A4 or H3 in Poulsen's (1987) motif code was here labelled as motif A or H, respectively. To describe how elements are combined to form motifs, Sharp's (1988) notation system was used. This system requires the recorder to identify the processes, or movements, that express the relationships between elements and motifs as outlined in Sharp (1988) . Processes include such movements as repetition, half-drop mesh and mirror-reflection, among others ( Figure 14 .5). Chiu and Sand (2005) . These are used to construct structural rules as outlined in Sharp (1988 The direction of vessel zone was recorded here to first identify if a sherd had evidence of zone patterning and, if so, to describe if that zone was positioned either horizontally, vertically, or showed evidence of both ( Figure 14 .6). To further describe the layout of design, symmetry notation was recorded. Symmetry, as it is used here, refers to the motion of motif repetition.
The notation system used is that of Washburn and Crowe (1988) , who have produced a handbook of standard procedures to follow when analysing symmetry. By following the flowcharts provided in the handbook, the researcher can easily determine the four-symbol code that best describes a given symmetrical pattern, offering a relatively objective way in which to analyse designs that can easily be repeated and applied cross-culturally. Aside from zone direction and symmetry, there are three attributes that relate specifically to the Lapita design repertoire: lime filling, motif infilling and slip. The presence of lime and slip was based on visual inspection. The presence of motif infilling was determined by consulting motif list inventories to find the appropriate motif and then determining, based on visual inspection, if additional elements were added within the motif. The design zone is separated into two horizontal zones by a single horizontal dentate-stamped line as indicated by the arrow.
Archaeological ceramic assemblages
This study builds upon LeBlanc's earlier research (2016a), which focused on design analysis within the Eastern Lapita region. Here, the approach is expanded to encompass a wider Lapita area using sherd samples from three Lapita Provinces: Eastern, Western and Southern. When possible, sites for which reliable dates were available were chosen, along with areas within sites that were less likely to have been disturbed. Once identified, 25 sherds in total for each Lapita Province were sampled for use with the Leica. Ten sherds were selected from the original sample of 25 in each Lapita Province for use with the LEXT, based upon their size and shape suitability.
The sampling procedure followed was random sampling for collections held at Simon Fraser University and a grab sample from collections held elsewhere. To be deemed appropriate for analysis, each sherd had to have at least four lines of clearly visible dentate-stamped impressions. These samples were then analysed for the attributes indicated above.
The Eastern Lapita Province was organised into four sample categories: Early Tonga, Late Tonga, West Fiji and East Fiji (Figure 14 .7). These categories were chosen to analyse both spatial and temporal homogeneity/heterogeneity. Precise dating from coral branch files within Tonga enable sites to be categorised into Early and Late groups . The same cannot be said for Fiji, where dating techniques and results are the subject of ongoing debate Nunn and Petchey 2013) . For this reason, Fiji is divided into west and east variants here to determine if ceramic design from East Fiji aligns more with sherds from West Fiji or Tonga. Sherds from several archaeological sites were included in each sample (Table 14. 3). From these, 25 sherds were randomly selected for each sample. 2 Figure 14 .7. Island groups included in the Eastern Lapita Province.
Arrows indicate archaeological sites analysed in this study.
Source: Kathleen LeBlanc. (Burley 1998; Burley et al. 1999) 5 random 2 Vaipuna (Burley 1998; Burley et al. 1999) 5 random 2 Mele Havea (Burley 1998; Burley et al. 1999 ) 5 random 2 Tongoleleka (Burley 1998; Burley et al. 1999 For Early Tonga, all 25 sherds come from the earliest founding settlement site of Nukuleka (2846-2830 cal. BP) . Ceramics were sampled from the 2007 excavation assemblage (Burley et al. 2010) . From the 25 sherds that were sampled, 10 were chosen for use with the LEXT, based on size and shape suitability. For Late Tonga, all sherds come from one of five sites on the island group of Ha'apai: Tongoleleka, Mele Havea, Vaipuna, Faleloa and Pukotala. Sites within this region were settled after initial migration to Nukuleka, within approximately 70-90 years, and represent ceramic change within three to four generations of initial landfall in Tonga . Sites consist of single hamlet-sized occupations situated on back beach flats on the leeward coast of coral limestone islands (Burley et al. 1999 . Five sherds that had at least four lines of clearly visible dentate stamping were randomly sampled from each site for use with the Leica, for a total of 25 sherds. For the LEXT, two sherds from each site were selected, for a total of 10 sherds, based on shape and size suitability.
The East Fiji sample is composed of 25 ceramic sherds from the site of Wakea on the island of Lakeba in the Lau Group of islands (Best 1984) . Sherds from Lakeba were sampled from the University of Auckland. This site was chosen because it is thought to represent the earliest settlement in East Fiji, dated to approximately 2850 cal. BP, and provides the least disturbed context of all sites within this region (Best 1984 ). Lau's ceramic sequence follows that in Tonga until 2100 BP, after which ceramic form and decoration aligns with West Fiji (Burley 2013) . Linguistic reconstruction also supports this shift (Geraghty 1983) . Aside from ceramic similarity, obsidian and adze fragments in Lau have been sourced to Tonga (Burley 2013) . In the earliest sites, iron oxide and temper from Vanua Levu, along with adze fragments sourced to somewhere on the island of Viti Levu point to the possibility of early interaction between West and East Fiji or the settlement of East Fiji directly from West Fiji. Linguistic and genetic evidence tends to support the latter possibility, although early interaction cannot yet be ruled out. Comparison of ceramics from East Fiji with those from West Fiji and Tonga should help to determine if interaction post-settlement seems plausible for this region.
West Fijian sherds come from one of four sites: Bourewa, Naigani, Vorovoro and Kavewa. Bourewa is located on the Rove Peninsula in south-western Viti Levu. It is one of the earlier Lapita sites in Fiji, with initial settlement dated to 2841-2791 cal. BP (Nunn and Petchey 2013) . Sherds were chosen as a representative grab sample from the Fiji Museum. Thirty sherds were hand selected, based on the criteria that they had at least four lines of clearly visible dentate stamping. From these 30 sherds, seven were randomly selected for use in this study. Recent excavations at the northern Fijian sites of Vorovoro and Kavewa suggest early and contemporaneous settlement with initial dates that are comparable to those for Bourewa. Both sites are situated off the northeast coast of Vanua Levu, with dentate-stamped ceramics indicative of early settlement in the region (Burley 2012; Burley et al. this volume) . For both Vorovoro and Kavewa, five sherds each were randomly selected from the excavation catalogue and chosen for analysis if there were at least four lines of dentate stamping present.
One issue with the above samples from East and West Fiji is that they differ temporally, making direct comparisons difficult. To address this issue, sherds from the West Fiji Lapita site of Naigani, situated on the eastern side of Naigani Island off the eastern coast of Viti Levu, were sampled from the University of Auckland. Thirty samples were selected as a grab sample, ensuring that each had at least four lines of dentate stamping. From these 30, eight were randomly selected for use in this study. Settlement at Naigani dates to approximately 2850 cal. BP and is contemporaneous with Lakeba (Irwin et al. 2011) . Preliminary testing of Naigani sherds with those from Bourewa, Kavewa and Vorovoro indicates that structural attributes do not differ significantly. Given this, Naigani was included in the West Fiji sample to decrease the probability that any attribute differences between West and East Fiji would be due to temporal factors. From the 25 West Fiji sherds used for analysis with the Leica, 10 were selected for analysis with the LEXT, based on shape and size suitability.
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Samples from the Western and Southern Lapita Provinces, as they are currently defined, were sought from two sites. The Western Lapita Province, east of the Bismarcks, represents the region around the Reefs-Santa Cruz to Vanuatu and is distinguished from the Far Western Lapita Province by less elaborate decoration and a decrease in the range of vessel forms (Spriggs 1997:70) . The Southern Lapita Province is represented by Lapita sites found throughout New Caledonia (Sand 2000 (Sand , 2010 Sand et al. 2011) . This is differentiated from other provinces by the presence of stylised dentate-stamped faces on carinated pots and flat-bottomed dishes (Sand 2000:26) .
The Western Lapita Province is represented by a sample of 25 ceramic sherds from the site of Teouma, located on Efate Island, central Vanuatu. Teouma is considered to be an early colonising Lapita site, with occupation likely occurring by 2940-2870 cal. BP and ending around 2870-2750 cal. BP (Petchey et al. 2015) . The site was occupied during the same time as initial landfall in Tonga (2850-2830 cal. BP) and West Fiji (3020-2860 cal. BP). This site's close geographic and temporal proximity to Fiji makes it an ideal assemblage to compare to samples from the Eastern Lapita Province. Sherds were selected as a grab sample from excavations that took place between 2004 to 2010 (Bedford et al. 2010) . From the 25 sherds used for analysis with the Leica, 10 were selected for analysis with the LEXT, based on shape and size suitability.
The sample from the Southern Lapita Province comprised 25 sherds chosen as a grab sample from Site WKO013A, the Lapita type-site. Dates for this site are the earliest in the Province, at c. 3000-2750 BP (Sand et al. 2011) . The dates for the site are well within the range of initial occupation for West Fiji, East Fiji and Tonga. Sherds from WKO013A were selected from the 1995 excavation assemblage (Sand 1995) . From the 25 sherds used for analysis with the Leica, 10 were selected for analysis with the LEXT, based on shape and size suitability.
Statistical analysis
Statistical methods were used to compare diversity/homogeneity in attribute distribution within and between sample regions and to determine the impact of sherd size and dentate density in relation to other categorical attributes. Variation in distribution of continuous attributes was analysed using ANCOVA (analysis of covariance). Normality was accessed by observation of histograms of attribute distribution and residuals to determine if ANOVA (analysis of variance) or the nonparametric alternative, K-W, was the more appropriate test. Post-hoc tests were then performed to determine where differences, if any, existed. ANOVA was also used to determine if attribute variation is greater within or between assemblages, in order to understand how variation differs among attributes, especially between those categorised as structural versus element-motif. Given the large number of post-hoc tests performed, it was determined that the value at which statistical significance is determined be adjusted. The Benjamini-Hochberg method was used here because it is less conservative than the Bonferroni method and has greater power (Benjamini 2010; Benjamini and Hochberg 1995) .
It was reasoned that the density of design application could influence the size, shape and application of individual dentate tooth impressions. Based on this logic, the relationship between dentate density and each attribute was first assessed through a bivariate linear fit regression model. If a statistically significant relationship existed, then density was modelled as a covariate to control for its impact on the following attributes: dentate length, width, spacing 1 and spacing 2, depth, volume, area and surface area. Along with dentate density, the size of each sherd, as indicated through length and width measurements, was also used as a covariate in the model, where appropriate, to control for impact on dentate size and shape outcomes.
Elements, motifs and processes between groups were analysed using frequency counts and assessed through comparison of contingency tables. Fischer's Exact test was used to assess the significance between groups. However, due to violation of the assumption of independence of observations, such results must be interpreted with caution. All other categorical variables, including lime filling, motif infilling, direction of vessel zone and symmetry, were compared using Fischer's Exact test. Statistical tests were performed using either JMP® 11 or SPSS® 22. See LeBlanc (2016a) for sherd attribute data.
Results
Before comparing continuous attribute distribution between groups, the relationship between attributes and dentate density, sherd length and sherd width was first accessed through bivariate linear fit regression models. Results indicate that for Leica attributes, density is a significant predictor of dentate width, length, spacing 1 and spacing 2 (Table 14 .4). Density is therefore modelled as a covariate for Leica attributes. For LEXT attributes, the predictive significance of potential covariates differs for each attribute (Table 14 .4). For dentate length, depth, area and volume, density is a significant predictor and is therefore controlled for as a covariate. For dentate surface area, none of the potential covariates have predictive significance, and for dentate width, sherd length and sherd width are significant predictors and are controlled for as covariates.
Histograms for attribute distributions were viewed to access data normality. For Leica attributes, dentate density and dentate spacing 2 required a natural log transformation, all other histograms were normally distributed. For LEXT attributes, dentate density, dentate width, surface area and volume required a natural log transformation, all other histograms were normally distributed.
Before running the ANCOVA model for Leica attributes, the distribution of density between groups was first accessed. Results from ANOVA indicate that dentate density differs significantly between groups (p=0.0001 For spacing 2, there are no significant differences between groups. The F-ratio obtained from each attribute comparison is above 1, indicating that there is more difference between than within groups (Table 14 .5). For the analysis of elements, motifs and processes, both the number per sherd and frequency were compared between groups. For the number of elements, motifs and processes per sherd, the distribution of attributes was first accessed through observation of histograms. The number of motifs per sherd are not normally distributed, but the residuals are; all other attributes are normally distributed. Before comparing attribute distribution between groups through ANCOVA, the relationship between attributes and dentate density, sherd width and sherd length was determined through a bivariate linear fit regression model. Results indicate that density, sherd width and sherd length are significant predictors for the number of elements-motifs-processes per sherd and are therefore controlled for during ANCOVA (Table 14 .8). ANCOVA indicates that the number of elements (p=0.0001), motifs (p=0.0001) and processes (p=0.0022) per sherd differ significantly between groups. However, post-hoc tests, with adjusted significance levels determined by the Benjamini-Hochberg method, reveal that none of the comparisons between samples differ significantly. terra australis 52
Discussion
The above results indicate that regions within the Eastern Lapita Province share similarities with the west and south. West Fiji is differentiated from East Fiji-Tonga based on greater similarity to outside samples than to those within the Eastern Lapita Province. Based on this, the null hypothesis:
is rejected. Assemblages from West Fiji, East Fiji, Early Tonga, Late Tonga, Vanuatu and New Caledonia do differ significantly to varying degrees for the attributes analysed here. Discrepancy exists between structural versus element-motif attributes, which may be due to limited sample size, or may suggest difference in the way design is selected and subsequently applied to a vessel surface. Regardless of the reason, this study reaffirms the conclusion from LeBlanc (2016b) that the Eastern Lapita Province is not a cohesive stylistic region, given differences in the way design is applied to the vessel surface.
Results for continuous attributes indicate that density is a significant predictor of Leica attributes and most LEXT attributes, aside from surface area and width. Dentate density, sherd length and sherd width are also significant predictors of the number of elements, motifs and processes per sherd. This has important implications for Lapita design analysis. Given that these variables play a role in predicting the size and shape of dentate stamping, along with the frequency of elements, motifs and processes, they should be incorporated as covariates for comparison of both structural and element-motif attributes between regions. Aside from being a predictor of attributes, dentate density differs significantly between groups. However, there is no difference between East Fiji and Early Tonga -Late Tonga, Early Tonga -New Caledonia, and Vanuatu -West Fiji. This suggests that East Fiji -Late Tonga have designs that are less densely applied than for New Caledonia -Early Tonga or Vanuatu -West Fiji.
All Leica attributes differ significantly between groups. However, post-hoc comparisons indicate that, for spacing 2, there are no significant differences between groups, which is likely due to the fact that density is controlled. The general trend is that East Fiji and Late Tonga are most similar, whereas West Fiji is more similar to New Caledonia and Vanuatu. Early Tonga also shares some similarity in attribute distribution with New Caledonia.
For LEXT attributes, only dentate length, area and surface area differ between groups. Overall, results for continuous variables indicate that Early Tonga -New Caledonia, along with East Fiji -Late Tonga are most similar. West Fiji is also similar to Vanuatu, aside from area measurements. The greatest differences occur when East Fiji is compared to New Caledonia, Vanuatu and West Fiji, and when West Fiji is compared to Late Tonga.
The categorical variables of symmetry, zone direction and motif infilling differ significantly between groups, but lime filling does not. For symmetry, New Caledonia differs from all groups, and for zone direction, Vanuatu differs from all groups. This may suggest that these attributes developed in isolation after initial settlement or may reflect small sample and sherd size used for analysis. Motif infilling suggests that Early Tonga is most similar to New Caledonia and East Fiji; West Fiji is most similar to New Caledonia and Vanuatu; and East Fiji is most similar to Early and Late Tonga. This could potentially signal interaction between Early Tonga -New Caledonia and between West Fiji -New Caledonia -Vanuatu. East Fiji and Early and Late Tonga also show evidence of potential interaction. However, it is equally likely that this patterning may represent common ancestry or temporal variation.
The number of elements, motifs and processes per sherd differ. However, post-hoc comparisons indicate that none of the comparisons are statistically significant. Element, motif and process frequency, however, do differ significantly between groups. Aside from element frequency, results appear to contradict, or at least not confirm, those for continuous attributes. This could be due to the likely effect that dentate density and sherd size have on these variables, highlighting the importance of controlling for both sherd size and dentate density in Lapita design analysis. A visual comparison of frequency tables provides more in common with results from structural analysis. For element frequency, West Fiji, New Caledonia and Vanuatu have the highest diversity and Early Tonga -West Fiji and West Fiji -Vanuatu share the greatest number of element types, although not by a large margin. For motif frequency, again, West Fiji, Vanuatu and New Caledonia appear the most diverse in terms of the number of motif types present in each assemblage. Here, Early Tonga -New Caledonia and West Fiji -Vanuatu -New Caledonia share the greatest number of motif types. Finally, process frequency appears most diverse for New Caledonia and Vanuatu, which makes sense given that these regions are generally assumed to have been settled before either West Fiji or East Fiji -Tonga (Petchey et al. 2015) .
Structural attributes indicate that the Vanuatu sample almost always differs from East Fiji, Early Tonga and Late Tonga, while the New Caledonia sample almost always differs from East Fiji. This suggests that there is difference in the structural application of design between East Fiji -Early Tonga -Late Tonga and the west and, for several attributes, from the south as well.
The difference between each region is greater than the difference within, as indicated through positive F-ratios above one. This suggests that regions are cohesive units; however, given that the Eastern Lapita Province is broken up into four separate regions, it is difficult to evaluate if it represents a cohesive Province from this measure. Post-hoc tests of structural attributes, however, would suggest otherwise.
Results from element-motif analysis are not clear-cut and do not consistently reaffirm the similarities/dissimilarities between groups as determined through structural attributes. This may suggest that these two aspects of design have different transmission histories. Alternatively, it may indicate that the methods that currently exist to identify and label elements and motifs require unification, as is currently being done for the Lapita region (Chiu and Sand 2005) . Until such a system is in place, the question of how structural and element-motif attributes were passed within and between generations is difficult, if not impossible, to answer adequately.
Overall, results for this study provide a more complex picture of initial settlement and subsequent interaction within the Eastern Lapita Province. Based on initial comparison of both structural and element-motif attributes, both Early Tonga and West Fiji share design characteristics with New Caledonia and, to a more limited extent, Vanuatu. In total, West Fiji shares eight attributes with New Caledonia and 11 with Vanuatu. Early Tonga shares seven attributes with New Caledonia and four attributes with Vanuatu. East Fiji shares one attribute in common with New Caledonia, and Late Tonga shares two attributes in common with New Caledonia. These trends suggest that West Fiji and Early Tonga share common ancestry with potters from New Caledonia and Vanuatu (at least for West Fiji) and/or were settled from potters originating there. Alternatively, this pattern may be more indicative of temporal variation where West Fiji is settled first from the west and/or potentially the south and then potters quickly move eastwards towards Tonga. Following initial settlement, interaction between West Fiji and Tonga decreases. The placement of East Fiji within this scenario is more difficult to ascertain. Either potters from Tonga settled or interacted to a large extent with East Fiji or East Fiji was settled initially by potters moving eastwards from West Fiji and then interaction ceased and potters from East Fiji and Tonga subsequently interacted. The latter situation would seem to be the most logical given the linguistic and genetic data for the Eastern Lapita region discussed below.
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Linguistic research suggests that West and East Fiji interacted during initial settlement, with East Fiji potentially even settled from West Fiji (Geraghty 1983 ). However, soon after, there was a distinct break, at least linguistically, between western and eastern language variants. Eastern Fiji then underwent a 'period of common development' with languages ancestral to Polynesian languages, including those of Tonga (Geraghty 1983:348) . Genetic evidence paints a more complex picture. Maternal DNA from mitochondria suggest that individuals from East Fiji are more genetically similar to Polynesian populations (i.e. Tongans) than individuals from West Fiji (Shipley et al. 2015) . However, paternal DNA suggests that East Fijians are just as similar to Melanesians to the west as West Fijians. If sex-biased admixture took place during the Lapita period, as has been suggested by other genetic studies (Delfin et al. 2012 ) and potters were female, as has been argued for the Lapita period (Marshall 1985) , it stands to reason that female potters from East Fiji were interacting, to varying degrees, with potters in Tonga and not with those in West Fiji. This hypothesis requires further testing, which could be aided by identifying transmission mechanisms through the analysis of both structural and element-motif attributes from assemblages derived from the regions analysed here.
In order to differentiate between the competing hypotheses outlined above, multiple lines of evidence need to be consulted, along with increased sample sizes and a database capable of recording structural and motif attributes in a standardised manner. Despite the current lack of a standardised approach to analysing Lapita design, the analysis presented here indicates that West Fiji is clearly differentiated from its eastern counterparts. The Eastern Lapita 'Province' requires redefinition.
Conclusion
This study has introduced a new structural approach to analysing Lapita design that differs from traditional element-motif analysis. The approach utilises microscopy techniques to quantify the density, layout and organisation of design. Four sample regions from within the Eastern Lapita Province are compared: West Fiji, East Fiji, Early Tonga and Late Tonga, along with a sample each from Vanuatu (Western Lapita Province) and New Caledonia (Southern Lapita Province). These regions are analysed to determine which differ significantly when compared via structural versus element-motif analysis. The main aim of this analysis was to determine the difference, if any, between methods and to understand if the Eastern Lapita Province represents a cohesive region in terms of ceramic design when compared to samples from the Western and Southern Lapita Provinces.
Results from structural analysis indicate that East Fiji (Lau) has more in common with Tonga than with West Fiji. Results from element-motif analysis suggest similar patterning, but they are problematic due to the influence of dentate density and sherd size on the frequency of elements and motifs. When samples from both the Southern and Western Lapita Province are added into the analysis, it appears that West Fiji is more similar to the southern and western samples than to East Fiji and Late Tonga, although there are some similarities with Early Tonga. These results suggest that East Fiji, Early Tonga and Late Tonga represent a separate interaction sphere from West Fiji that likely developed soon after initial settlement, potentially from the latter region. The same samples analysed solely with element-motif methods suggest relative homogeneity between groups. This is likely since this approach cannot isolate difference in the structural application of design. Such results indicate that both structural and element-motif analyses need further testing. Elements and motifs are no doubt important for the analysis of design, but structural application can and should be used as a complementary approach.
The structural approach used here can quantify the complexity of design application in a way that is easily applied and compared both within and between cultural regions. By using microscopy techniques applicable to small ceramic sherds that form the bulk of Lapita archaeological assemblages, it is no longer a requirement that large sherds or even whole pots be present in order to undertake structural analysis. Both the element-motif and structural approach should be used to test hypotheses simultaneously so that archaeologists can determine the extent to which either method provides a useful account of interaction, or lack thereof, in the past. Increased sample sizes in future studies should help to reduce any statistical 'noise' due to the impact of tool form and potter skill level.
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